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METHOD OF ANNEALING METAL LAYERS 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] Embodiments of the present Invention generally relate to the processing 

of a metal layer on a substrate. More particularly, embodiments of the present 
invention relate to a method of annealing a copper layer on a substrate. 

Background of the Related Art 

[0002] Sub-quarter micron, multi-level metallization is one of the key 
technologies for the next generation of ultra large scale integration (ULSI). The 
multilevel interconnects that lie at the heart of this technology require planarization 
of interconnect features formed in high aspect ratio apertures, including contacts, 
vias, lines and other features. Reliable formation of these interconnect features is 
very important to the success of ULSI and to the continued effort to increase 
circuit density and quality on individual substrates and die. 

[0003] As circuit densities increase, the widths of vias, contacts, lines, plugs, 
and other features, generally decrease to less than a quarter of a micron. The 
thickness of the dielectric layers, however, generally remains substantially 
constant, with the result that the aspect ratios for the features, i.e., their height 
divided by width, increases. Due to copper's electrical performance at such small 
feature sizes, copper has become a preferred metal for filling sub-quarter micron, 
high aspect ratio interconnect features on substrates. However, many traditional 
deposition processes, such as physical vapor deposition (PVD) and chemical 
vapor deposition (CVD), have difficulty filling structures with copper material where 
the aspect ratio exceed 4:1, and particularly where the aspect ratio exceeds 10:1. 
As a result of these process limitations, electrochemical plating (ECP), which had 
previously been limited to the fabrication of lines on circuit boards, is now being 
used to fill vias and contacts on semiconductor devices. 

[0004] A typical copper electroplating deposition method generally includes 
depositing a barrier layer via PVD or CVD over the surface of a substrate having 
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various features formed thereon, depositing a metal (preferably copper) seed layer 
over the barrier layer, and then electroplating a metal layer (preferably copper) 
over the seed layer to fill the structure/feature. Finally, the deposited layers are 
planarized by a method such as chemical mechanical polishing (CMP), for 
example, to define a conductive interconnect feature. 

[0005] ECP with copper presents some challenges in substrate manufacturing 
processes. For instance, ECP copper does not typically plate evenly across the 
substrate surface, leaving voids and discontinuities in the features. This 
unevenness is detrimental to circuit uniformity, conductivity, and reliability. 
O Furthermore, ECP copper layers are susceptible to gradual oxidation from 
Q atmospheric conditions. This gradual oxidation results in increased electrical 
resistance of the copper layer. Additionally, since oxidation is typically a slow, 

111 gradual, and often variable process, copper layers from different sources plated at 

IaJ 

different times are likely to have undergone different levels of oxidation. This 
j3 causes significant variability in subsequent processing of the copper layers. 

1=1? 

N [0006] To overcome problems associated with void formation as well as 
variation in copper oxidation, heat treatment of a film after deposition is generally 
performed. One effective technique for heat treating the film is annealing. 
Annealing is the process of subjecting a material to heat for a specific period of 
time, and then cooling the material. Annealing can be used to flow a plated metal 
layer to fill voids, purify layers, dope or encourage diffusion of layers, and manage 
crystal growth and orientation. More particularly, heat introduced during annealing 
allows the metal layer to flow and fill in voids in high aspect ratio features. 
Annealing also provides a thermodynamic driving force for the metal layers to form 
a predictable microstructure. A metal layer can, for example, be anriealed in a 
particular atmosphere In order to provide a specific and predictable set of 
electrical properties {e.g. electrical resistivity). 

[0007] Since copper has a relatively low melting temperature compared to other 
metals typically deposited In semiconductor manufacturing, copper is a promising 
candidate for annealing. New developments in semiconductor manufacturing that 
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have focused on depositing copper, especially by ECP techniques, have sparked 
hew interest in developing Improved copper annealing processes. Additionally, 
copper deposited by ECP undergoes the physical phenomena of self-annealing. 
In self-annealing, copper undergoes microstructural changes after plating at room 
temperature. High temperature annealing can modify this self-annealing process 
that would otherwise tal<e place in order to provide a consistent microstructure, as 
well as consistent electrical properties of the copper. 

[0008] Current industry practice is to anneal copper layers while subjecting the 
layers to a high flow rate of nitrogen and hydrogen. Such high flow rates are 
typically necessary In order to prevent oxygen that is present in the chamber from 
oxidizing the copper during the anneal and thereby provide the low electrical 
resistivity required for semiconductor device applications. In a conventional 
annealing furnace, substrates are heated to about 250°C to 400°C for about 30 
minutes, and then cooled to room temperature. Unfortunately, the high gas flow 
rates of conventional furnaces result in high degree of consumption of process 
gases per unit of copper layer that is processed. As a result, large quantities of 
process gas are required for processing, resulting in a high processing costs as 
well as wasted time associated with the continuous replacement of process gas 
storage containers. Therefore, there is a need to develop an annealing process 
that is effective at controlling the deleterious effects of atmospheric gases, yet 
consume reduced quantities of process gas during the annealing process. 

SUMMARY OF THE INVENTION 

[0009] Embodiments of the present Invention generally provide a method of 
annealing a metal layer on a substrate In a chamber. In one embodiment, the 
method includes positioning a substrate having a metal layer thereon in a 

chamber, removing atmospheric gases from the chamber, providing process gas 
to the chamber, and annealing the metal layer at a temperature greater than about 
80 degrees Celsius. 

[0010] Embodiments of the present invention also provide a method of forming 
a feature on a substrate. In one embodiment, the method comprises depositing a 
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dielectric layer on the substrate, forming at least one opening within the dielectric 
layer, depositing a metal layer in the opening, positioning the substrate in an 
annealing chamber, removing atmospheric gases from the annealing chamber, 
providing process gas to the annealing chamber, and annealing the metal layer at 
a temperature greater than about 80 degrees Celsius. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] So that the manner in which the above-recited features of the present 
invention are attained can be understood in detail, a more particular description of 
the Invention, briefly summarized above, may be had by reference to the 
embodiments thereof which are illustrated in the appended drawings. It is to be 
noted, however, that the appended drawings illustrate only typical embodiments of 
this invention and are therefore not to be considered limiting of its scope, for the 
invention may admit to other equally effective embodiments. 

[0012] Figure 1 illustrates an exemplary electroplating system platform of the 
invention. 

[0013] Figure 2 illustrates a schematic, cross-sectional view of an exemplary 
rapid thermal annealing chamber of the invention. 

[0014] Figure 3 illustrates an exemplary process flow diagram of a method of 
annealing a metal layer of the invention. 

[0015] Figures 4a - 4d illustrate cross-sectional views of an exemplary method 
of forming a feature on a substrate in accordance with an embodiment of the 
invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
[0016] Figure 1 is a schematic view of an EOF system platform 200 
incorporating an annealing chamber 21 1 suitable for performing embodiments of 
the invention described herein. Suitable systems generally provide both 
electroplating deposition chambers, typically copper, and annealing chambers in 
an integrated process. Embodiments are described herein in reference to copper 
depostion and annealing. 
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[0017] The ECP system platform 200 generally comprises a loading station 210, 
thermal annealing chamber 211, a mainframe 214, and an electrolyte replenishing 
system (not shown). The mainframe 214 generally comprises a mainframe 
transfer station 216, a spin-rinse dry (SRD) station 212, a plurality of processing 
stations 218, and a seed layer repair station 215. 

[0018] Preferably, the ECP system platform 200, particularly the mainframe 
214, is enclosed in a clean environment using panels such as plexiglass panels. 
The mainframe 214 includes a base 217 having a plurality of cut-outs formed 
thereon wherein the cut-outs are configured to receive various stations therein 
needed to complete the ECPI deposition process. The base 217 is preferably 
made of aluminum, stainless steel or other rigid materials that can support the 
various stations disposed thereon. A chemical protection coating, such as 
Halar™, ethylene-chloro-tri-fluoro-ethaylene (ECTFE), or other protective coatings, 
is preferably disposed over the surfaces of the base 217 that are exposed to 
potential chemical corrosion. Preferably, the protective coating provides good 
conformal coverage over the metal base 217, adheres well to the metal base 217, 
provides good ductility, and resists cracking under normal operating conditions of 
the system. 

[0019] Each processing station 218 may include one or more processing cells 
240. An electrolyte replenishing system is generally positioned adjacent the 
mainframe 214 and connected to the process cells 240 individually to circulate 
electrolyte used for the ECP process. The ECP system platform 200 also includes 
a power supply station 221 for providing electrical power to the system and a 
control system 222, typically comprising a programmable microprocessor. 

[0020] The mainframe transfer station 216 includes a mainframe transfer robot 
242 disposed centrally to provide substrate transfer between various stations on 
the mainframe. Preferably, the mainframe transfer robot 242 comprises a plurality 
of individual robot arms 2402 that provide independent access to substrates in the 
processing stations 218 the SRD stations 212, the seed layer repair stations 215, 
and other processing stations disposed on or in connection with the mainframe. 
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[0021] As Shown in Figure 1. the mainframe transfer robot 242 includes two 
robot arms 2402, corresponding to the number of processing cells 240 per 
processing station 218. Each robot arm 2402 includes an end effector 2404 for 
holding a wafer during a wafer transfer. Preferably, each robot ann 2402 is 
operable independently of the other arm to facilitate independent transfers of 
wafers in the system. Alternatively, the robot arms 2402 operate in a linked 
fashion such that one robot extends as the other robot arm retracts. The 
mainframe transfer robot 242 includes a plurality of robot arms 2402 (two shown), 
and a flipper robot is attached as an end effector 2404 for each of the robot arms 
2402. Flipper robots are generally known in the art and can be attached as end 
,5 effectors for wafer handling robots, such as model RR701 , available from Rorze 
J Automation, Inc., located in Mllpitas, California. The main transfer robot 242 
having a flipper robot as the end effector is capable of transferring substrates 
iij between different stations attached to the mainframe as well as flipping the 
substrates being transferred to the desired surface orientation. 

[0022] The loading station 210 preferably includes one or more substrate 
O cassette receiving areas 224, one or more loading station transfer robots 228 and 
^. at least one substrate orientor 230. The number of substrate cassette receiving 
areas, loading station transfer robots 228 and substrate orientor included in the 
loading station 210 can be configured according to the desired throughput of the 
system. As shown in Figure 1, the loading station 210 includes two substrate 
cassette receiving areas 224, two loading station transfer robots 228 and one 
substrate orientor 230. A substrate cassette 232 containing substrates 234 is 
loaded onto the substrate cassette receiving area 224 to introduce substrates 234 
into the electroplating system platform. The loading station transfer robot 228 
transfers substrates 234 between the substrate cassette 232 and the substrate 
orientor 230. The loading station transfer robot 228 comprises a typical transfer 
robot commonly known in the art. The substrate orientor 230 positions each 
substrate 234 in a desired orientation to ensure that the substrate is properly 
processed. The loading station transfer robot 228 also transfers substrates 234 
between the loading station 21 0 and the SRD station 212 and between the loading 
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Station 210 and the thermal annealing chamber 211. The loading station 210 
preferably also includes a substrate cassette 231 for temporary storage of 
substrates as needed to facilitate efficient transfer of substrates through the 
system. 

[0023] Figure 2 Illustrates a cross-sectional view of a rapid thermal annealing 
chamber 211 for use according to embodiments of the invention. The rapid 
thermal anneal (RTA) chamber 21 1 is preferably connected to the loading station 
210, and substrates are transferred Into and out of RTA chamber 211 by loading 
station transfer robot 228. The electroplating system platform 200 preferably 
includes two RTA chambers 211 disposed on opposing sides of the loading 
station 210, corresponding to the symmetric design of the loading station 210. 
However, the RTA chambers 211 could be connected to the mainframe 214, or 
otherwise positioned in the system or provided as a stand alone anneal system. 

[0024] Thermal anneal process chambers are generally known In the art, and 
rapid thermal annealing chambers are typically utilized in substrate processing 
systems to enhance the properties of the deposited materials. The invention 
contemplates utilizing a variety of thermal annealing chamber designs, including 
hot plate designs and heat lamp designs, to enhance the electroplating results. 
One particular thermal annealing chamber useful for the present invention is the 
chamber described in Figure 2. Although the invention is described using a hot 
plate rapid thermal annealing chamber, the invention contemplates application of 
other thermal annealing chambers as well. 

[0025] The RTA chamber 21 1 generally Includes an enclosure 302, a heater 
plate 304, a heater 307, and a plurality of substrate support pins 306. The 
enclosure 302 includes a base 308. a sidewall 310 and a top 312. Preferably, a 
cold plate 313 is disposed below the top 312 of the enclosure. Altematively, the 
cold plate 313 is integrally formed as part of top 312. A reflector insulator dish 314 
may be disposed inside enclosure 302 on base 308. The reflector insulator dish 
314 is typically made from a material such as quartz, alumina, or other material 
that can withstand high temperatures {i.e., greater than about 500^C), and act as a 
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thermal insulator between the heater 307 and the enclosure 302. The dish 314 
may also be coated with a reflective material, such as gold, to direct heat back to 
the heater plate 304. 

[0026] The heater plate 304 generally has a large mass compared to the 
substrate being processed in the system, and is generally fabricated from a 
material such as silicon carbide, quartz, or other materials that do not react with 
ambient gases in the RTA chamber 21 1 or with the substrate material. The heater 
307 typically includes a resistive heating element or a conductive/radiant heat 
source and is disposed between heater plate 304 and a lift plate 328. The heater 
307 is electrically coupled to a power source 316 which supplies the energy 
needed to heat the heater 307. A thermocouple 320 may be positioned in a 
conduit 322, disposed through the base 308 and dish 314, and extend into the 
heater plate 304 for the purpose of monitoring the annealing temperature. The 
thermocouple 320 may be connected to a controller 392, and therefore supply 
temperature measurements thereto. Controller 392 may then increase or 
decrease the heat supplied by the heater 307 according to the temperature 
measurements and adesired anneal temperature. 

[0027] The enclosure 302 generally includes a cooling member 318 disposed 
outside of enclosure 302 in thermal contact with the sidewall 310 to cool the 
enclosure 302. Alternatively, one or more cooling channels (not shown) may be 
formed into sidewall 310 to control the temperature of enclosure 302. The cold 
plate 313 disposed on the inside surface of the top 312 cools a substrate that is 
positioned in close proximity to the cold plate 313. 

[0028] The RTA chamber 21 1 generally includes a slit valve 322 disposed on 
sidewall 310 of enclosure 302 for facilitating transfer of substrates into and out of 
RTA chamber 211. The slit valve 322 selectively seals an opening 324 on 
sidewall 310 of the enclosure that communicates with loading station 210. The 
loading station transfer robot 228 {see Figure 1) transfers substrates into and out 
of RTA chamber through opening 324. 
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[0029] The substrate support pins 306 generally Include dlstally tapered 
members constructed from quartz, aluminum oxide, silicon carbide, or other high 
temperature resistant materials. Each substrate support pin 306 is disposed 
within a tubular conduit 326, typically made of a heat and oxidation resistant 
material, that extends through the heater plate 304. The substrate support pins 
306 are connected to the lift plate 328 for moving the substrate support pins 306 in 
a uniform manner. The lift plate 328 is attached to an to an actuator 330, such as 
a stepper motor, through a lift shaft 332 that moves the lift plate 328 to facilitate 
positioning of a substrate at various vertical positions within the RTA chamber 
21 1 . The lift shaft 332 extends through the base 308 of the enclosure 302 and is 
sealed by a sealing flange 334 disposed around the shaft. 

[0030] In order to transfer a substrate into RTA chamber 211, slit valve 322 is 
opened, and loading station transfer robot 228 extends its robot blade having a 
substrate positioned thereon through opening 324 into RTA chamber 21 1 . The 
robot blade of loading station transfer robot 228 positions the substrate in the RTA 
chamber above heater plate 304, and the substrate support pins 306 are extended 
upwards to lift the substrate above the robot blade. The robot blade then retracts 
out of the RTA chamber 211, and the slit valve 322 closes the opening. The 
substrate support pins 306 are then retracted to lower the substrate to a desired 
distance from heater plate 304. 

[0031] A gas inlet 336 coupled to a showerhead 380 with apertures 390 formed 
therethrough, is disposed through sidewall 310 of enclosure 302 to allow selected 
gas flow into RTA chamber 21 1 during the anneal treatment process. The gas 
inlet 336 is connected to a gas source 338 through a valve 340 for controlling the 
flow of the gas into RTA chamber 21 1 . A gas outlet 342 is preferably disposed at 
a lower portion of the sidewall 310 to exhaust the gases in RTA chamber 21 1 , and 
may be connected to a relief/check valve 344 to prevent backstreaming of 
atmosphere from outside of the chamber 21 1 . The gas outlet 342 is connected to 
a vacuum pump {not shown) to exhaust the RTA chamber to a desired vacuum 
level during an anneal treatment. 
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[0032] Referring again to Figure 1 , the control system 222 controls the functions 
of each component of the platform. Control system 222 may be mounted above 
mainframe 214 and include a programmable microprocessor-type controller. The 
control system may further comprise other components such as, for example, 
memory and support circuits. The processor may also include means for 
computing specific properties, neural networks, or other logic techniques for 
determining an appropriate flow rate for the one or more chemical components. 
The memory is generally coupled to the microprocessor-type controller and may 
be a computer-readable medium, such as random access memory (RAM), read 
only memory (ROM), a floppy disk, hard disk, or any other form of digital storage, 
local or remote. The support circuits are coupled to the microprocessor-type 
controller for supporting the controller in a conventional manner. These circuits 
include cache, power supplies, clock circuits, input/output circuitry, subsystems, 
and the like. 

[0033] The programmable controller 222 Is typically programmed using a 
software designed specifically for controlling all components of the electroplating 
system platform 200. The control system 222 also provides electrical power to the 
components of the system and includes a control panel (not shown) that allows an 
operator to monitor and operate the electroplating system platform 200. The 
control panel is a stand-alone module that is connected to the control system 222 
through a cable and provides easy access to an operator. Generally, the control 
system 222 coordinates the operations of the loading station 210, the RTA 
chamber 211, the SRD station 212, the mainframe 214 and the processing 
stations 218. Additionally, the control system 222 coordinates with the 
replenishing system to provide the electrolyte for the electroplating process. The 
control system 222 also coordinates with controller 392. 

ANNEALING PROCESS 

[0034] According to an embodiment of the invention, a substrate with a metal 
layer thereon is annealed in a chamber, such as an RTA chamber 21 1 . The metal 
layer may have been formed by an ECP process in an ECP cell, such as 
processing cell 240. 
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[0035] Figure 3 illustrates a process flow diagram that illustrates a process of 
annealing a substrate with a metal layer formed thereon. As shown in step 400, a 
substrate with a metal layer formed thereon is positioned within a chamber, such 
as, for example, RTA chamber 211. Then, as shown in step 402, atmospheric 
gases are removed from the chamber using, for example, a vacuum pump. 
Atmospheric gases are those gases that are present in the ambient atmosphere at 
the time the annealing process is conducted. Atmospheric gases typically 
comprise oxygen, nitrogen, among other gases. In one embodiment, the chamber 
21 1 is pumped to a pressure less than about 5 torr. In another embodiment, the 
chamber 21 1 is pumped down to a pressure less than about 1 torr. In order to 
provide rapid throughput of the anneal process, atmospheric gases are preferably 
pumped out of chamber 211 at a reasonably high rate. In one embodiment, the 
pressure of the chamber 21 1 is brought to less than about 5 torr in a period of time 
ranging from about 3 seconds to about 5 seconds. Process gas is then provided to 
chamber 211, as indicated in step 404. The process gas may be supplied to 
chamber 21 1 through showerhead 380. Preferably, the process gas includes an 
inert gas selected from the group consisting of nitrogen (N2), argon (Ar), helium 
(He), and combinations thereof. The process gas may further include hydrogen. 
The concentration of hydrogen in the process gas may be between about 2.5% 
and about 4.5%. The process gas flow into RTA chamber 21 1 may be maintained 
in a range of about 2 standard liters per minute (sIm) to about 6 sIm. In one 
embodiment, the flow rate of the process gas is maintained throughout the 
annealing step (described below) in a range from about 4 sIm to about 6 sIm for a 
chamber 21 1 with a volume of about 1 0 liters. Generally, the desirable flow rate of 
process gas is about 0.4 sIm to about 0.6 sIm of gas per liter of chamber 21 1 . The 
chamber pressure rises as process gas flows into the chamber 21 1 . 

[0036] As shown in step 406, the metal layer is subject to an annealing step at a 
temperature greater than about 80 °C. The metal layer is preferably annealed at a 
temperature in the range from about 80 °C to about 400 °C for a period of time of 
about 15 seconds to about 180 seconds. In a preferred embodiment, the 
substrate is annealed at a temperature of about 250 °C for about 30 seconds. It is 



12 



PATENT 

Atty. Dkt.: AMAT/5867/CALB/COPPER/PJS 
Express Mail No.: EV 041916349 US 

further preferred that the chamber pressure rises to a pressure that enables a high 
rate of cooling In the subsequent cooling step, discussed below. The chamber 
pressure is preferably in the range of about 100 torr to about 150 torr by the time 
the anneal step is completed. 

[0037] Rapid thermal anneal processing typically requires a temperature 
increase of at least about 50 Celsius degrees per second. To provide the required 
rate of temperature increase for the substrate during the anneal treatment, the 
heater plate 304 is preferably maintained at between about 80-C and about 
400-C, and the substrate is preferably positioned in contact with the heater plate 
304 for the duration of the anneal treatment process. The control system 222 
controls the operation of the RTA chamber 21 1 , including maintaining the desired 
ambient environment in the RTA chamber and the temperature of the heater plate. 

[0038] After the annealling step is completed, the metal layer is subject to a 
cooling step, as shown at step 408. At the start of the cooling step, the chamber 
pressure is preferably in a range that enables a high rate of cooling. If the 
chamber pressure is too high once cooling begins, heat transfer is likely to be 
impeded by the reduced mean free path between molecules of process gas. If the 
pressure is too low, heat transfer will also llklely be sub-optimal. The pressure is 
preferably in a range of about 100 to about 150 torr when the cooling step is 
initiated and throughout the duration of the cooling step. Initially, the substrate is 
brought into the proximity of cold plate 313 to facilitate the cooling of the substrate 
and metal layer thereon. The lift shaft 332 moves the lift plate 328 to facilitate 
positioning of the substrate In the proximity of the cold plate 313 via closing of the 
gap between the substrate and the cold plate 313 by lifting the substrate toward 
the cold plate 313. In one embodiment, the cooling of the substrate and metal 
layer formed thereon takes place rapidly. The temperature of the substrate and 
metal layer formed thereon is reduced from a temperature In the range of about 80 
Celsius to about 400 Celsius to a temperature in the range of about 50 Celsius to 
about 100 Celsius in a period of less than about 30 seconds. In one embodiment, 
the temperature of the substrate and metal layer formed thereon Is reduced from a 
temperature in the range of about 80 Celsius to about 400 Celsius to a 
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temperature in the range of about 60 Celsius to about 80 Celsius in a period of 
less than about 30 seconds. Process gas may continue to be provided to the 
chamber 21 1 during the cooling step. The flow rate of process gas is preferably in 
the range of about 4 sIm to about 6 sIm. 

[0039] Substrate support pins 306 then lift the substrate to a position for transfer 
out of the RTA chamber 21 1 . The slit valve 322 opens, and the robot blade of the 
loading station transfer robot 228 is extended into the RTA chamber and 
positioned below the substrate. The substrate support pins 306 retract to lower 
the substrate onto the robot blade, and the robot blade then retracts out of the 
RTA chamber. The loading station transfer robot 228 then transfers the 
processed substrate into the cassette 232 for removal out of the electroplating 
processing system. 

[0040] The annealing process described herein significantly reduces 
consumption of process gas. Since atmospheric gases are removed from the 
chamber before introducing process gas, the flow rate of process gas required is 
greatly reduced when compared to the prior art. Furthermore, the metal layer, 
when subject to an anneal process having the time, chamber pressure, and 
temperature profile as described, results in a microstructure that is highly 
consistent from batch to batch in terms of electrical resistivity. 

INTEGRATED CIRCUIT FABRICATION PROCESS 

[0041] Figure 4 illustrates a cross-sectional diagram of a layered structure 10 
showing a dielectric layer 14 formed on a substrate layer 12. In general, substrate 
12 refers to any workpiece upon which film processing is performed. Depending 
upon the specific stage of processing, the substrate 12 may correspond to a 
silicon wafer, or other material layers, which have been formed on the substrate. 
Figure 4a, illustrates, for example, dielectric layer 14 formed over the underlying 
substrate layer 12 in accordance with procedures known in the art to form a part of 
the overall integrated circuit. Dielectric layer 14 may comprise, for example, an 
oxide, such as silicon dioxide. Once the dielectric layer 14 is deposited, the 
dielectric layer 14 is, for example, etched to form at least one opening 16 within 



14 



PATENT 

Atty. Dkt.: AMAT/5867/CALB/COPPER/PJS 
Express Mail No.: EV 041916349 US 

dielectric layer 14. The opening 16 has a floor 20 exposing a small portion of the 
underlying substrate layer 12 and dielectric sidewalls 22. 

[0042] Etching of the dielectric layer 1 4 may be accomplished with any dielectric 
etching process, including plasma etching. Specific chemical etchants used to 
etch dielectrics such as silicon dioxide or organic dielectric materials may include 
such chemical etchants as as buffered hydrofluoric acid or acetone. However, 
patterning and etching may be accomplished using any method known in the art. 
The substrate 12 may be a layer, wire or device comprising a metal, doped silicon 
or other conductive material. 

[0043] As shown in Figure 4b. an optional barrier layer 17 is conformally formed 
atop layer 14. The barrier layer 17 is deposited to prevent or restrict diffusion 
between a subsequently deposited metal layer, the substrate 12, and dielectric 
layer 14. For a metal layer that comprises copper, a preferred barrier layer 17 
may comprise such materials as refractory metals (such as tungsten (W), tungsten 
nitride (WN), niobium (Nb), aluminum silicates, etc.), tantalum (Ta), tantalum 
nitride (TaN), titanium nitride (TiN), PVD Ti/Na-stuffed, doped silicon, aluminum, 
and aluminum oxides, a ternary compound (such as TiSiN, WSIN, etc.) or a 
combination of these layers. The most preferred barrier materials are Ta and 
TaN, which typically are deposited by physical vapor deposition (PVD). 

[0044] As shown in Figure 4c, a metal layer 18 Is formed atop the optional 
barrier layer 17. In a preferred embodiment, the metal layer 18 completely fills the 
opening 16. In order to fill the opening 16, it will generally require that an entire 
field 21 of the structure will be covered with the metal. In one embodiment, the 
metal layer 18 is formed of copper. The metal layer 18 may be deposited by any 
known method in the art, such as. for example, physical vapor deposition (PVD). 
chemical vapor deposition (CVD), or ECP. Alternatively, a thin seed layer (not 
shown) may be deposited prior to depositing metal layer 1 8 to help deposition of 
the ECP copper layer 18. The seed layer may be, for example, copper deposited 
by physical vapor deposition (PVD) or chemical vapor deposition (CVD); however, 
any suitable copper seed layer contemplated in the art may be used. 
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[0045] The annealing process is then performed as described above by 
positioning the substrate 12 in an annealing chamber, such as, for example, RTA 
chamber 211. The substrate 12 with metal layer 18 thereon is positioned within a 
chamber, such as, for example, RTA chamber 21 1 . Atmospheric gases are then 
removed from the chamber. Process gas is then provided to the chamber 21 1 . 
The metal layer 18 is subject to an annealing step at a temperature greater than 
about 80 . The metal layer 18 is preferably annealed at a temperature in the 
range from about 80 °C to about 400 °C for a period of time of about 15 seconds 
to about 180 seconds. After the annealling step is completed, the metal layer is 
subject to a cooling step in which the substrate is preferably brought into the 
proximity of the cold plate 313 in order to facilitate the cooling of the substrate and 
metal layer thereon. The cooling step is maintained for a duration of time in the 
range of about 30 seconds. 

[0046] The feature may be further processed, as indicated in Figure 4d, by 
planarizing the top portion of metal layer 18, preferably by chemical mechanical 
polishing (CMP). During the planarization process, portions of the copper layer 18 
are removed from the top of the structure leaving a fully planar (flat) surface with a 
conductive feature 24 fomned In the via 16 therein. 

[0047] Annealing the copper layer will cause the copper to flow and fill any voids 
(not shown) formed in the openings 16 and further manage grain growth and 
crystal orientation of the copper layer 18. The method of annealing is particualrly 
beneficial in that it enables significantly reduced consumption of process gas. 
Since atmospheric gases are removed from the chamber before introducing 
process gas, the flow rate of process gas required is greatly reduced versus the 
prior art. Furthermore, the annealing and cooling steps, when conducted under 
the conditions thus specified, provide a metal layer with a highly consistent and 
predicatable microstructure as well as consistent electrical resistivity. The method 
further provides a metal layer with more consistent behavior with respect to 
planarization and other process steps subsequent to annealing. 
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[0048] While the foregoing is directed to embodiments of the present invention, 
other and further embodiments of the invention may be devised without departing 
from the basic scope thereof, and the scope thereof is determined by the claims 
that follow. 
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